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Abstract: Cylinders that resemble the natural casts of lung-

fish burrows known from the lower Permian of Texas have been
found high in the Sangre de Cristo formation of northern New
Mexico. This is the first evidence for the existence of lungfish

in the late Paleozoic of the Four Corners area, and it provides

an excellent indication of conditions of seasonal drought. The
Sangre de Cristo burrows were probably formed earlier in the

Permian than were those in Texas. This fits in with other evidence

to indicate that arid conditions of the early Permian of western

North America set in earlier in the Four Corners area than in

the Midcontinent.

Introduction

One of the most interesting paleontological discoveries in recent years

was announced by Romer and Olson (1954), when they described natural

casts of lungfish burrows found in lower Permian sediments of northcentral

Texas. These burrows were found at two localities in the Clear Fork group,

one in the Arroyo formation and one in the overlying Vale formation.

Tooth plates from the burrows in the Vale formation indicate that the

burrows were made by the lungfish Gnathorhiza dikeloda. The similarity of

the burrows in both formations indicate that they were probably made by the

same species, but this is not certain; no tooth plates have been recovered from

the Arroyo burrows, and the only species of lungfish known from the Arroyo

is G. serrata —both species are known from the Vale. However, as Romer and

Olson (1954:5) point out, “lungfish remains are exceedingly rare in the

Arroyo; only four or five occurrences have been reported, and these have

consisted of single teeth. It may well be that G. dikeloda was in existence

during the Arroyo times, but that it found suitable habitat in few localities

in the areas which are now exposed. With increasing aridity during the Vale,

the number of habitats and the chance of discovery probably were greatly

increased!’ At both the Arroyo and Vale localities, lungfish remains are found

in only a small fraction of the burrows, but this is only to be expected for,

as Romer and Olson (1954:5) say, probably “most of the fishes which oc-

cupied them survived to the return of the waters and swam away!’ Remains

1 This study was supported by National Science Foundation grant NSF GB-1014.
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Figure 1. A natural cast of a lungfish burrow in the Sangre de Cristo formation. The
surrounding matrix has been partially removed. The upper, dilated end of the

cylinder is not as distinct from the surrounding matrix as are the middle and lower

parts. The hammer is 32 cm. long.

of other animals besides lungfish are found in some of the burrows; these

include small palaeoniscoid fishes and the small amphibian Lysoroplius. This

is probably due, as Romer and Olson (1954:5) explain, to these animals’

“presence ... in the returning waters before the burrows had been filled

by sediments!’

Besides the obvious and important fact that we now know with certainty

that lungfish were aestivating at least as long ago as the early Permian, this

discovery sheds light on other areas too. It supports Olson’s (1958) evidence

for increasing aridity during the time of deposition of the Clear Fork group,

and it highlights an interesting ecological succession. The sediments and

fauna of the underlying Wichita group indicate somewhat moister conditions

(Romer, 1958). The Wichita fauna includes the lungfish genus Sagenodus,
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for which there is no evidence of aestivation and whose tooth plates resemble,

in a general way, those of the living, non-aestivating Australian lungfish, Neo-

ceratodus. The succession, Sagenodus to Gnathorhiza, would seem to be, as

Romer and Olson (1954) believe, a genuine ecological replacement in response

to decreasing moisture. There is no reason to believe that this is a phylogenetic

succession; both Sagenodus and Gnathorhiza are known from the Pennsyl-

vanian (Romer and Smith, 1934). Romer and Olson feel that the evidence of

an aestivating habit for Gnathorhiza reinforces their earlier ideas of relation-

ship of this genus to the living, aestivating African and South American

lungfish, Protopterus and Lepidosiren. In addition to the insights into early

lungfish habits and relationships afforded by this discovery, we now have

an excellent fossil indicator of past conditions of seasonal drought and,

further, we have a new means whereby the presence of lungfish can be estab-

lished for horizons and geographic areas from which they have been previously

unknown.

Burrows in the Sangre de Cristo Formation

To date, no remains of lungfish of any kind have been reported from

Pennsylvanian or Permian sediments west of northcentral Texas, despite the

fairly extensive list of other vertebrates found in lower Permian sediments of

the Four Corners area.

In the summer of 1963, a field party from the University of California,

Los Angeles, found objects in the Sangre de Cristo formation of northern

New Mexico that resemble the natural casts of the Texas lungfish burrows

so closely that they must surely represent the work of similar fish. The locality

lies alongside the Pecos River in San Miguel County, shortly south of the

village of Pueblo, almost immediately on the east side of the bridge where

New Mexico State Highway 3 crosses the river. The burrows occur in sedi-

ments at the base of a cliff on the north side of the road. This locality may be

reached by driving south through the town of Ribera from U.S. Highway
84-85. The Pecos River has exposed a large swath of the Sangre de Cristo

formation in this region, permitting a gradual ascent of the formation through

a horizontal distance of about ten miles from Northwest to Southeast (see

geologic map by Bachman and Dane, 1962). The burrows occur less than a

mile northwest of the contact of the Sangre de Cristo formation with the

overlying Meseta Blanca Sandstone member of the Yeso formation, that is to

say, the burrows occur near the top of the Sangre de Cristo formation. Re-

mains of amphibians, reptiles and plants were found lower in the section in

this region; these will be described at a later time.

The burrows, or, rather, the casts of burrows, occur in a red, silty mud-

stone beneath a stream channel lens that consists of fine conglomerates and

shales. As in a specimen from the Vale formation at hand, the mudstone is

cut at acute angles by parting planes with gently undulating surfaces. There

are many burrows, packed closely together as in the Texas occurrences, with
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distances of from three to twelve inches between them. Most of the burrows

are vertical, but some are on slight slants, and in a few the lower ends are

bent toward the horizontal. The burrows reach upward to the bottom of the

stream channel lens. Typically, the upper end of a burrow is dilated and

poorly defined, and the lower end is somewhat swollen; the cross section is

circular, or nearly so. As in the specimens from Texas, the cylinders are com-

posed of a harder material than the surrounding matrix and are easily divided

horizontally into “checkers” of varying thickness. The cylinders are slightly

lighter in color than the surrounding matrix and contain fewer and smaller

reduction spheres. Usually, there is a greenish-gray central core that may
have a diameter as much as one-third that of the whole cylinder; this core

runs almost to the lower end of the cylinder. The cylinder shown in the

photograph (Fig. 1) is about 23 cm. long and is about 4.5 cm. in diameter

halfway down its length; some are larger, with diameters as great as 6.5 cm.

About ten to fifteen yards to the South of the photographed burrow, cylinders

can still be made out at the same level, but they are less distinct from the sur-

rounding matrix, and the overlying stream channel sediments are finer.

No bones or traces of bones have been found in the burrows, even though

several dozen cylinders were taken apart. But, it must be remembered that

even in the Texas occurrences most of the cylinders are empty. One possible

explanation of the difference would be that conditions at the Sangre de Cristo

locality were not favorable for the preservation of bone, but a much more
likely explanation is that the Sangre de Cristo lungfish were more successful in

survival to the return of the waters— at least at this locality and in the season

represented. Smith ( 1931 : 180) says of the living African lungfish, Protopterus

aethiopicus, that “Estivating fish are known to survive for 18 months and

estimates based upon metabolism indicate that they may survive much longer

periods!’ In view of such hardiness, we may suspect that the Texas fossils

represent calamities: perhaps the fish in their burrows were covered too

rapidly by sediments in the returning waters, and many were not able to

emerge; or perhaps the waters were delayed in returning— by a prolonged dry

season or by a change in stream pattern— and the percentage of mortality was

thereby increased. The burrows in New Mexico are too similar to those in

Texas not to be attributed to the work of lungfish. That no skeletal parts of

lungfish have as yet been found anywhere in the upper Paleozoic of New
Mexico does not seem to be strong evidence that these fish were not there

when it is remembered that remains of lungfish are exceedingly rare even in

the Arroyo formation of Texas.

In none of the Texas cylinders has an upper termination been definitely

made out, but the greatest lengths known are, at the Arroyo locality, 28 cm.,

and at the Vale locality, 45 cm. Some of the Sangre de Cristo burrows equal

in length the longest reported from the Arroyo, but none even approach the

length of the longest from the Vale. Comparison of sizes is most conveniently

made on the basis of diameter. The Texas cylinders range from about 5.5 to
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10 cm. in diameter. The Sangre de Cristo cylinders range in diameter from

about 4.5 to 6.5 cm., and it would seem from this that they are definitely

smaller than those from Texas. There are also some differences in orientation

and shape. The cylinders in Texas are all vertical, whereas some of the Sangre

de Cristo cylinders are slightly slanted and in some the lower portion is bent

toward the horizontal. Also, the Sangre de Cristo cylinders are usually swollen

at their lower ends, whereas, according to Romer and Olson (1954:6) al-

though some of the Texas “burrows may be somewhat narrower in their upper

portions; they are, however, essentially cylinders rather than ‘flasks! ” Actu-

ally, the Sangre de Cristo burrows are more like those of living lungfish than

are those from Texas. Possibly, the smaller size of the burrows from New
Mexico as compared with those from Texas is indicative of an earlier, more

primitive stage of development.

Age of the Sangre de Cristo Burrows

The Sangre de Cristo formation was deposited in the zeugogeosyncline

between the late Paleozoic San Luis-Uncompahgre highland to the West and

the late Paleozoic Front Range and Sierra Grande uplifts to the East (see

Hills, 1963). Brill (1952:827) says, “In the zeugogeosyncline, where faunal

evidence is lacking, the Virgil- Wolfcamp contact is drawn arbitrarily in the

Sangre de Cristo formation. The upper Sangre de Cristo formation in the south-

ern part of the trough is equivalent to the Abo formation, which is Wolfcam-

pian. In the Pecos region [near the burrow locality], the Sangre de Cristo

formation is underlain by Virgil rocks and overlain by the Yeso formation of

Leonardian age!’ This determination of a Wolfcampian (earliest Permian)

age for the upper part of the Sangre de Cristo formation receives corrobora-

tion from Baars’ (1962) correlation of the Meseta Blanca Sandstone member
of the Yeso formation with the De Chelly Sandstone, of Leonardian age.

From this stratigraphic evidence, the New Mexico burrows, which lie near

the top of the Sangre de Cristo formation, would seem to be Wolfcampian

in age.

The Texas burrows are in the Clear Fork group, which is Leonardian

(later early Permian) in age (see Dunbar, et. al., 1960), and they are, thus,

younger than the burrows in New Mexico. The horizon of the Sangre de

Cristo burrows is equivalent to some horizon in the Wichita group of Texas,

which is Wolfcampian in age. There is no sign of aestivating lungfish in the

Wichita group, and, as noted earlier, Wichita conditions would seem to have

been generally moister than Clear Fork conditions. The evidence of aestivating

lungfish, and the consequent indication of conditions of seasonal drought, in

the Wolfcampian of New Mexico would therefore fit in nicely with other

evidence, presented elsewhere, for an earlier onset of arid conditions in the

Four Corners area than in northcentral Texas (see Romer, 1960; Vaughn,

In press).
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Additional Paleogeographic Considerations

As far as it is known, the early Permian vertebrate fauna of NewMexico,

and of the Four Corners area in general, is basically like that of the Mid-

continent, but there are differences, mostly at the specific level but some at the

generic level, and there are differences in relative abundance of groups (Romer,

1960). Recent study of faunas from southeastern Utah (Vaughn, 1962; In

press ) has shown that some of the supposed differences do not really exist,

but significant contrasts remain, due probably, as Romer (1960) thinks, to

differences in climate and to the presence of some kind of barrier, possibly

a seaway. The evidence for the presence of lungfish in the early Permian of

New Mexico is not surprising, but it does add to the picture of the basic

similarity of Four Corners and Midcontinent faunas.

It must be noted that the Sangre de Cristo burrows occur on the eastern

side of the late Paleozoic San Luis-Uncompahgre highland and Pedernal

massif, whereas the classic lower Permian vertebrate localities in NewMexico

lie on the western side, in the Abo and Cutler formations. There is no evidence

of lungfish from the Abo and Cutler formations, but this is not sufficient

reason to assume that they did not occur in those areas of deposition. As a

matter of fact, the site of the Sangre de Cristo burrows lay not far to the East

of a fairly wide “pass” between the San Luis-Uncompahgre highland and the

Pedernal massif (see Hills, 1963: fig. 5); it would be presumptuous without

much more data to assume that this “pass” was high enough throughout the

early Permian to prevent the passage of lungfish westward. As shown by the

scarcity of their remains in the Arroyo formation of Texas, preservation of

lungfish seems to have been a rare event, and preservation of their burrows

must have required exceptional conditions.
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